PACS numbers: 32.80. Pj, 42.50.Vk, 67.65.+z The past several years have been witness to the exciting development of trapping of neutral atoms with optical radiation from a laser source' or with static magnetic fields.
In this Letter we show that a gas of atoms can be trapped using forces derived from the gradient of a microwave radiation field on resonance with an atomic transition.
The =cosO(r) ~e , N -1)+sinO(r)~g , N), (2a) 2Nr)-:2) = -sinO(r) ) e, N -1)+cosO(r) ( g, N), (2b) where the angle O(r) is defined by cos2O(r) = -6/Q(r) and sin2O(r) =tv"(r)/A(r). also plotted in Fig. 1 1(a)j; it also precludes spontaneous emission heating which plaques the optical trap. Still, to create a useful well depth, large-amplitude microwave fields are needed. They can be attained in a cavity such as a concentric resonator; the application of such a resonator to the microwave trap has been discussed elsewhere.
Unlike the above traps, the static magnetic trap, which has a depth~U,~=~p8&8o~, can be made much deeper with a large static gradient h, B0 on the order of 1 T.
However, the trapped atoms must be in state~e) since a The relaxation rates for the processes ijN i'j'N' are found from a T-matrix calculation
1'm' lm where p is the reduced mass, pj and p; j' are the magnitude of the initial and final relative momenta, respectively, and the subscript th implies a thermal average. Note that to find the decay of the atomic density inside the trap we should, in addition to the thermal average over initial momenta p;~, average over the number of photons.
However, in an intense radiation field we can neglect Auctuations and replace N by its average value N in Eq.
(7). The relevant decay rates are then G22jv; j. jv (T). If N'=N all processes are endothermal. In order to find the dominant low-temperature behavior of the rates we use the relation' G$2jy ('j'g (T) Gjj'g '2pjy (T)exp(~j /k8 T) expand the rate constant for the inverse (exothermal) reaction, and take the lowest order ktj T/A; j, where 6; j'=6 A(8;~+6j'~) 
Here GT', is defined locally by dn2/dt = - GT', n2 Because of the phase relations between interfering T matrix elements, the rate (12) could be expressed in the rates G"b, (=Gb, i,i, ) and G«bb for collisions between bare hydrogen atoms, which have been calculated previously in Refs. 7 and 13. Note that from these papers we find a justification for the neglect of the I a) and I d) hyperfine states in the above treatment. At magnetic field strengths of the order of 5 T, the dominant relaxation processes in a gas of atoms populating the b and c states are cc bb, cc bc, and bc bb. From these results we find that the half-life of the trapped atoms is r (G7~no ) ', where no is the initial trapped density.
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